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ABSTRACT 
The f r e e z i n g  and b o i l i n g  po in t s  of  0-40% mixtures  of va r ious  
n i t r o g e n  compounds and water i n  monomethylhydrazine (MMH) were 
determined exper imenta l ly .  The a d d i t i v e s  f o r  t hese  mixtures  were 
s e l e c t e d  on the  b a s i s  of chemical s i m i l a r i t y  t o  MMH, mixture  thermal 
s t a b i l i t y ,  p r o b a b i l i t y  of contamination occurrence,  cryoscopic  and 
e b u l l i o s c o p i c  e f f e c t s ,  and a n t i c i p a t e d  e f f e c t s  on p r o p e l l a n t  perform- 
ance. 
Theore t i ca l  s p e c i f i c  impulses were c a l c u l a t e d  as a func t ion  of  
a d d i t i v e  ccncen t r a t ion  us ing  corninal v a l u e s  of the  Sa turn  S-IVB Vehic le  
Aux i l i a ry  Propuls ion  System a s  a b a s i s .  
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TECHNICAL MEMORANDUM X-5 3356 
EFFECTS OF VARIOUS ADDITIVES ON PHYSICAL PKOYEKTIES 
AND PERFORMANCE OF MONOMETHYLHYDRAZINE 
SUMMARY 
The f r e e z i n g  and b o i l i n g  po in t s  of 0-40% mixtures  of 
n i t r o g e n  compounds and water i n  monomeihylhydrazine (MMH) 
/ 
\'( 
v a r i o u s  
were 
determined experimental ly .  The a d d i t i v e s  f o r  t hese  mixtures  were 
s e l e c t e d  on the b a s i s  of chemical s i m i l a r i t y  t o  MMH, mixture thermal 
s t a b i l i t y ,  p r o b a b i l i t y  of contamination occurrence,  cryoscopic  and 
e b u l l i o s c o p i c  e f f e c t s ,  and a n t i c i p a t e d  e f f e c t s  on p r o p e l l a n t  perform- 
ance. 
T h e o r e t i c a l  s p e c i f i c  impulses were c a l c u l a t e d  a s  a f u n c t i o n  of 
a d d i t i v e  concen t r a t ion  u s i n g  nominal v a l u e s  of the Sa tu rn  S - I V B  
Vehicle  Aux i l i a ry  Propuls ion System motor as a b a s i s .  
Based on t h e  r e s u l t s  of these s t u d i e s ,  N,N-dimethylformamide 
and water appear t o  be the  most s u i t a b l e  a d d i t i v e  f o r  i n c r e a s i n g  the 
l i q u i d  range of MMH without  degrading i t s  performance. 
INTRODUCTION 
The A t t i t u d e  Control  System of the  Sa tu rn  S-IVB Stage i s  l o c a t e d  
c l o s e  t o  the l i q u i d  oxygen tank which causes  cool ing of t he  p r o p e l l a n t s  
w i t h  corresponding i n c r e a s e s  in v i s c o s i t y  during standby. Conversely,  
du r ing  and immediately a f t e r  engine o p e r a t i o n ,  h e a t  t r a n s f e r  through 
p r o p e l l a n t  l i n e s  and a s soc ia t ed  hardware causes  h e a t i n g  of t he  pro-  
p e l l a n t s  w i t h  corresponding inc reases  i n  vapor p re s su re .  
T h e o r e t i c a l l y ,  a d d i t i o n s  of any of a wide range of s o l u t e s  t o  one 
o r  both p r o p e l l a n t s  would inc rease  t h e  b o i l i n g  p o i n t s  and decrease t h e  
f r e e z i n g  p o i n t s ,  thereby inc reas ing  the  l i q u i d  ranges and a l l e v i a t i n g  
t h e  problems a s s o c i a t e d  wi th  heat ing and coo l ing  of t he  p r o p e l l a n t .  
This  r e p o r t  desc r ibes  an i n v e s t i g a t i o n  t o  determine experimental ly  
the  e f f e c t s  of v a r i o u s  a d d i t i v e s  on the v i s c o s i t y  and l i q u i d  range of 
MMH and an a n a l y t i c a l  i n v e s t i g a t i o n  of t h e  e f f e c t s  of t hese  a d d i t i v e s  
on the  performance c h a r a c t e r i s t i c s  of t h i s  p r o p e l l a n t .  
ADDITIVE SELECTION CRITERIA 
The a d d i t i v e s  t h a t  a r e  s e l e c t e d  should provide maximum dec reases  
i n  the  f r eez ing  p o i n t  and maximum inc reases  i n  the b o i l i n g  p o i n t  of 
MMH; they should be chemically compatible with t h e  p r o p e l l a n t  and t h e  
a s s o c i a t e d  hardware and should n o t  a f f e c t  adve r se ly  t h e  p r o p e l l a n t  
performance. To provide maximum changes i n  f r e e z i n g  and b o i l i n g  p o i n t s ,  
t he  a d d i t i v e s  should be of low molecula? weight.  
compa t ib i l i t y  and minimum performance degrada t ion ,  t he  a d d i t i v e s  should 
be chemically s i m i l a r  t o  MMH. 
To provide maximum chemical 
Based upon these  c r i t e r i a ,  t he  fol lowing compounds were s e l e c t e d  
f o r  t e s t i n g  : 
a .  Urea 
b. Acetamide 
c . 
d. N,N-dime thylformamide 
e .  Formamide 
1 -me thy1 - 1 -phenylhydrazine 
T e s t s  a l s o  were made us ing  water a s  an a d d i t i v e  s i n c e  i t  may be p r e s e n t  
as a n  impurity i n  MMH. 
EXPERIMENTAL AND ANALYTICAL 
The f r eez ing  p o i n t s  and b o i l i n g  p o i n t s  of MMH a d d i t i v e  s o l u t i o n s  
were determined i n  the convent ional  manner by t h e  use  of a Beckman 
Molecular Weight Determination Apparatus and a C o t t r e l l  B o i l i n g  Po in t  
Apparatus,  r e s p e c t i v e l y .  
Heats of combustion were determined f o r  t he  pure compounds by the  
Pa r r  Bomb a d i a b a t i c  c a l o r i m e t r i c  method ( r e f .  1). These d a t a  then were 
used t o  c a l c u l a t e  h e a t s  o f  formation u s i n g  t h e  conse rva t ion  of mass and 
energy c o r r e l a t i o n s  (Hess's Law of Constant Heat Summation ( r e f .  2 ) ) .  
Freezing and b o i l i n g  p o i n t s  of the s o l u b l e  mixtures  are given i n  
Table I .  N o t e  t h a t  formamide i s  i n s o l u b l e  i n  MMH. Heats of combustion 
and formation a r e  given i n  Table 11. 
Theoret ical  performance da ta  were determined u s i n g  t h e  NASA-Lewis 
Research Center Computer Program ( r e f .  3 and 4) w i t h  an IBM 7094 
computer for  N2O4/MMH wi th  and without  t h e  v a r i o u s  a d d i t i v e s  under t h e  
nominal ope ra t ing  cond i t ions  f o r  t he  S - I V B  A u x i l i a r y  p ropu l s ion  System 
engine,  i . e . ,  100 p s i g  chamber p r e s s u r e  and an expansion r a t i o  of 3 1 .  
A p l o t  of the I s p  v e r s u s  p r o p e l l a n t  mixture  r a t i o  (O/F) f o r  pure MMH 
. 
and N2O4 i s  shown i n  FIG 1. 
f o r  an  O/F r a t i o  of 1 . 2  are g raph ica l ly  p re sen ted  i n  FIG 2 through 
FIG 7 .  Since t h e  e f f e c t s  of the v a r i o u s  a d d i t i v e s  on performance 
c h a r a c t e r i s t i c s  were s u b s t a n t i a l l y  l i n e a r ,  g a i n  o r  l o s s  v a l u e s  showing 
t h e  e f f e c t s  of one pe rcen t  a d d i t i o n s  of t h e  v a r i o u s  a d d i t i v e s  on I s p  
f o r  t he  N2O4/MMH a d d i t i v e  p r o p e l l a n t  combination were e s t ima ted  a s  
fo l lows :  Urea - 0.4,  acetamide - 3.8, 1-methyl-1-phenylhydrazine - 0.5,  
N,N-dimethylformamide - 0.2 ,  formamide - 1 . 6 ,  water - 0 . 2 .  
E f f e c t s  of t he  a d d i t i v e s  on I s p  v a l u e s  
DISCUSSION AND CONCLUSIONS 
Data for  t h e  phys ica l  property measurements i n d i c a t e  t h a t  N,N- 
dimethylformamide (DMF) and water are  the most e f f e c t i v e  a d d i t i v e s  i n  
i n c r e a s i n g  the  b o i l i n g  p o i n t  and dec reas ing  the  f r e e z i n g  p o i n t .  Nei ther  
imposes an apprec i ab le  pena l ty  on r o c k e t  performance i n  the concen t r a t ion  
r anges  of i n t e r e s t .  Thus, f i v e  pe rcen t  DMF o r  water added t o  MMH w i l l  
i n c r e a s e  the d e n s i t y  approximately one p e r c e n t ,  dec rease  t h e  f r e e z i n g  
p o i n t  18 degrees ,  and i n c r e a s e  the b o i l i n g  p o i n t  approximately 2 degrees .  
The corresponding changes i n  s p e c i f i c  impulse a r e  approximately p l u s  one 
second f o r  DMF and minus one second f o r  water. Of the  two,  DMF i s  
considered p r e f e r a b l e  s i n c e  water i s  more l i k e l y  t o  cause co r ros ion .  
Also,  DMF forms a d ipo le -d ipo le  complex, which i n c r e a s e s  t h e  high- 
temperature s t a b i l i t y  c h a r a c t e r i s t i c s  of MMH. 
However, be fo re  e i t h e r  can be recommended a s  a n  a d d i t i v e  f o r  MMH, 
a d d i t i o n a l  s t u d i e s  a r e  needed t o  determine the  fol lowing:  
a .  Corrosion e f f e c t s  of water on system hardware 
b.  Absolute v i s c o s i t y  of MMH-DMF and MMH-water mixtures  
c .  E f f e c t s  of DMF and water on i g n i t i o n  time de lay  of MMH/NzO4. 
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TABLE I 
PHYSICAL PROPERTIES OF MONOMETHnHYDRAZINE SOLUTIONS 
Composition 
~~ 
Dens i t y  
@ 26.5kl.5OC 
F r  e ez  i n g  
Po in t  
O C  
-5 2 
-56 
-6 0 
below -70" 
below -70" 
below -705' 
Bo i l ing  
Po i n  t 
O C  
88 
90 
91 
96 
102 
107 
Add i t ive  % 
d d i  t ive 
0 
5 
10 
20 
30 
40 
-w t  MMH 
100 
95 
90 
80 
70 
60 
0.869 
0.890 
0.910 
0.950 
0.991 
1.031 
Urea 
~ ~ _ _ _ _  ~ 
Acetamide 
~~ ~ 
0 
5 
10 
20 
30 
40 
100 
95 
90 
80 
70 
60 
0.869 
0.878 
0.887 
0.907 
0.926 
0.946 
-5 2 
-56 
-5 6 
below -70" 
below -705; 
below -70" 
88 
90 
91 
91 
96 
107 
~ ~~ 
1 -me thy1  - 
1 -phenyl - 
hydraz ine  
100 
95 
90 
80 
70 
60 
0 
5 
10 
20 
30 
40 
0.869 
0.878 
0.887 
0.901 
0.915 
0.929 
-5 2 
-55 
-5 8 
below -705; 
below -709: 
below -705: 
88 
90 
91 
93 
95 
106 
100 
95 
90 
80 
70 
60 
0 
5 
10 
20 
30 
40 
0.869 
0.875 
0.880 
0.885 
0.890 
0.895 
-5 2 
below -709: 
below -705; 
below -709: 
below -709: 
below -709: 
88 
91 
93 
94 
96 
97 
N,N- 
dimethyl  - 
f ormamide 
100 
95 
90 
80 
70 
60 
0 
5 
10 
20 
30 
40 
0.869 
0.884 
0.899 
0.921 
0.943 
0.965 
-5 2 
below -70;'; 
below -705: 
below -7Of; 
below -70;'; 
below -70;'; 
88 
90 
92 
96 
100 
104 
Water 
5; Becomes h igh ly  v i scous  (21000 p o i s e s ) .  
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TABLE I1 
THERMAL PROPERTIES 
Compound 
Nitrogen Tetroxide 
Monomethylhydrazine 
Urea 
Acetamide 
l-methyl-l-phenylhydrazine 
N, N-dime thy 1 E ormamide 
Formamide 
Water 
Hcombus tion 
(ca 1 /mole) 
0 
-14,340 
-151,500 
-282,600 
-15,250 
-201,613 
-134,900 
0 
Hforma t ion 
(C a 1 /mo le ) 
-6,800 
12,700 
-79,540 
-436 ,800 
32,950 
38,000 
-190,620 
-68,380 
6 
. 
a 
v) 
P 
.- 
0 
0' z ; 3 :  
II II 
4- 
u -a 
a . 4  
E: m 
7 
8 
M 
8 
M 
8 
8 cu 
I- z 
p1 
W e 
W' > 
i= 
n 
n a 
8 
a 
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- 
z 
0 
I- 
p1 
I- z 
W 
0 z 
0 
0 
- 
9 
Ert 
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I 
8 0 cu 
M M 
I I I I 
8 0 cu 
N cu 
c 
7 
W 
0 
PL 
W e 
W' > 
I- 
a 
4 
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n 
s 
z 
0 
c < 
CY c 
7 
W 
0 z 
0 
0 
- 
W 
5 
I 
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F 
0 
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Y) 
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4- 
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M 
8 0 cv cv cv 
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